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Randomized controlled clinical trial of customized zirconia and
titanium implant abutments for canine and posterior single-tooth
implant reconstructions: preliminary results at 1 year of function
Abstract
Objectives: The aim of this study was to test whether or not customized zirconia abutments exhibit the
same survival rates in canine and posterior regions as titanium abutments, and to compare the esthetic
result of the two abutment types.
Material and methods: Twenty-two patients with 40 implants in posterior regions were included and the
implant sites were randomly assigned to 20 customized zirconia and 20 customized titanium abutments.
All-ceramic (AC) and metal-ceramic (MC) crowns were fabricated. In all except two cases, the crowns
were cemented on the abutments using resin or glass-ionomer cements. Two zirconia reconstructions
were screw retained. At baseline, 6 and 12 months, the reconstructions were examined for technical and
biological problems. Probing pocket depth (PPD), plaque (Pl) and bleeding on probing (BOP) were
assessed and compared with natural control teeth. Furthermore, the difference of color (ΔE) of the
peri-implant mucosa and the gingiva of control teeth was evaluated by means of a spectrophotometer
(Spectroshade). The data were analyzed with Student's unpaired t-test, ANOVA and regression analyses.
Results: Twenty patients with 19 zirconia and 12 titanium abutments were examined at a mean
follow-up of 12.6±2.7 months. The survival rate for reconstructions and abutments was 100%. No
technical or biological problems were found at the test and control sites. Two chippings (16.7%)
occurred at crowns supported by titanium abutments. No difference was found regarding PPD
(meanPPDZrO2 3.4±0.7 mm, mPPDTi 3.3±0.6 mm), Pl (mPlZrO2 0.2±0.3, mPlTi 0.1±1.8) and BOP
(mBOPZrO2 60±30%, mBOPTi 30±40%) between the two groups. Both crowns on zirconia and
titanium abutments induced a similar amount of discoloration of the soft tissue compared with the
gingiva at natural teeth (ΔEZrO2 8.1±3.9, ΔETi 7.8±4.3).
Conclusions: At 1 year, zirconia abutments exhibited the same survival and a similar esthetic outcome
as titanium abutments.
Randomized controlled clinical trial of customized zirconia 
and titanium implant abutments for canine and posterior 
single-tooth implant reconstructions: Preliminary results 
at 1-year of function.  
 
 
Irena Sailer, Dr Med Denta  
Anja Zembic, Dr Med Dentb  
Ronald Ernst Jung, PD Dr Med Denta 
David Siegenthaler, Dr Med Denta 
Claudia Holderegger, Dr Med Dentc  
Christoph Hans Franz Hämmerle, Prof Dr Med Dentd 
 
 
aSenior Lecturer, Department of Fixed and Removable Prosthodontics and Dental Material 
Science, School of Dental Medicine, University of Zurich, Switzerland 
bPostgraduate Student, Department of Fixed and Removable Prosthodontics and Dental 
Material Science, School of Dental Medicine, University of Zurich, Switzerland 
cDentist, Private Practice, Winterthur, Switzerland 
dProfessor and Head, Department of Fixed and Removable Prosthodontics and Dental 
Material Science, School of Dental Medicine, University of Zurich, Switzerland 
 
 
Correspondence to: Dr. Irena Sailer, Department of Fixed and Removable Prosthodontics 
and Dental Material Science, School of Dental Medicine, University of Zurich, Plattenstr. 11, 
8032 Zurich, Switzerland. Fax: +41 44 634 43 05 
irena.sailer@zzmk.uzh.ch  
 
Running title: Randomized controlled clinical trial of zirconia and titanium abutments for 
single-implant crowns in posterior regions.  
 1
Keywords: implant abutments, ceramic abutments, titanium abutments, zirconia, implant 
reconstruction, dental implants 
 
 2
ABSTRACT 
 
Objectives: The aim of this study was to test whether or not customized zirconia 
abutments exhibit the same survival rates in canine and posterior regions as titanium 
abutments, and to compare the esthetic result of the two abutment types. 
Material and Methods: Twentytwo patients with 40 implants in posterior regions 
were included and the implant sites were randomly assigned to 20 customized 
zirconia and 20 customized titanium abutments. All-ceramic (AC) and metal-ceramic 
crowns (MC) were fabricated. In all except two cases the crowns were cemented on 
the abutments using resin or glass-ionomer cements. Two zirconia reconstructions 
were screw-retained. At baseline, 6 and 12 months, the reconstructions were 
examined for technical and biological problems. Probing pocket depth (PPD), plaque 
(Pl) and bleeding on probing (BOP) were assessed and compared to natural control 
teeth. Furthermore, the difference of color (∆E) of the peri-implant mucosa and the 
gingiva of control teeth was evaluated by means of a spectrophotometer 
(Spectroshade). The data were analyzed with Student’s unpaired t-test, ANOVA and 
regression analyses. 
Results: Twenty patients with 19 zirconia and 12 titanium abutments were examined 
at a mean follow-up of 12.6 ± 2.7 months. The survival rate for reconstructions and 
abutments was 100%. No technical or biological problems were found at the test and 
contor sites. Two chippings (16.7%) occurred at crowns supported by titanium 
abutments. No difference was found regarding PPD (meanPPDZrO2  3.4 ± 0.7 mm, 
mPPDTi 3.3 ± 0.6 mm), Pl (mPlZrO2 0.2 ± 0.3, mPlTi 0.1 ± 1.8) and BOP (mBOPZrO2 
60% ± 30%, mBOPTi 30% ± 40%) between the two groups. Both, crowns on zirconia 
and titanium abutments induced a similar amount of discoloration of the soft-tissue 
compared to the gingiva at natural teeth (∆EZrO2 8.1 ± 3.9, ∆ETi 7.8 ± 4.3).  
Conclusions: At one year, zirconia abutments exhibited the same survival and a 
similar esthetic outcome as titanium abutments.  
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INTRODUCTION 
 
Standardized titanium abutments represent the ‘gold-standard’ for implant 
reconstructions due to the good stability of metal reported in clinical studies (Henry et 
al. 1996, Scheller et al. 1998, Andersson et al. 1998). In addition, the prefabricated 
components simplify the technical procedures. These abutments, however, exhibit 
several shortcomings. First, in order to develop a natural emergence profile of the 
reconstruction, their cylindrical cross-section needs to be modified to a tooth-like 
shape by the implant crown (Yildirim et al. 2000, Glauser et al. 2004) often leading to 
over-contouring of the reconstruction (Tripodakis et al. 1995). Second, the pre-
determined and even height of the crown margin does not follow the normal scallop 
of the gingival architecture. In case of cemented implant reconstructions this may 
impair the removal of the excess cement (Yildirim et al. 2000). Third, the grey color of 
titanium abutments may lead to a greyish discoloration of the peri-implant mucosa, 
and cause esthetical problems (Jemt 1986, McCartney et al. 1993, Tripodakis et al. 
1995, Sadoun & Perelmuter 1997, Yildirim et al. 2000, Henriksson & Jemt 2003, 
Glauser et al. 2004, Park et al. 2007). 
In order to solve these problems, customized abutments have been developed 
(Marchack 1996). These may be made out of either titanium or ceramics. In addition 
to the morphological advantages of the customization, it has been assumed that the 
ceramic abutments are esthetically superior to titanium due to their tooth-resembling 
color (Kerstein et al. 2000). One limitation of ceramic abutments may be that their 
material strength is lower than the one of titanium. As ceramics are brittle these 
abutments are prone to fatigue (Belser et al. 2004). Clinical studies analyzing a first 
generation of ceramic abutments made of alumina demonstrated a fracture rate 
ranging from 1.9% to 7% after one to five years (Andersson et al. 1999, Andersson et 
al. 2001, Andersson et al. 2003). In contrast, no fractures of titanium abutments were 
reported in previous studies (Andersson et al. 1998, Andersson et al. 2001). Based 
on these clinical results efforts were made to develop ceramics with improved 
material properties. 
The high-strength ceramic zirconia exhibiting superior material properties was 
introduced as an abutment material in the nineties (Studer et al. 1996, Wohlwend et 
al. 1996). This ceramic reaches twice the bending strength and fracture toughness of 
alumina (Tinschert et al. 2001). Excellent clinical success rates have been reported 
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for zirconia abutments in anterior and premolar regions showing survival rates of 
100% after 4 years (Glauser et al. 2004). Clinical data on this abutment material are 
still scarce and in particular no studies on zirconia abutments in posterior regions are 
available so far. 
 
The aim of this study was to test whether or not customized zirconia abutments 
exhibit the same survival rates in canine and posterior regions as titanium abutments, 
and to compare the esthetic result of the two abutment types. 
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MATERIAL AND METHODS 
 
Subjects 
 
Twentytwo patients (14 females, 8 males) in need of 40 implant supported single 
crowns in the canine and posterior region were included in this study. The mean age 
of the included patients was 41.3 ± 18.0 years. The patients were informed about the 
purpose of the study, the clinical procedures and the materials to be used. Informed 
consent was obtained. 
The inclusion criteria for the patients were: 
- successfully osseointegrated implants (Albrektsson et al. 1986)  
- no systemic diseases 
- good oral hygiene 
- smokers and non-smokers 
- no signs of bruxism 
The 40 single tooth implants replaced canines, premolars and molars in both jaws. 
The sites were randomly divided into 20 sites receiving customized zirconia 
abutments (test group) (Procera, Nobel Biocare AB, Carolinsk, Sweden) and 20 sites 
receiving customized titanium abutments (control group) (Procera, Nobel Biocare, 
Carolinsk, Sweden).  
Eight patients were smokers.  
 
Surgical Procedures 
All implants (Brånemark, Nobel Biocare AB, Gothenburg, Sweden) were placed 
according to a standard 2-stage protocol (Adell et al. 1985) and exhibited a regular 
platform. Second stage surgery (abutment connection) was performed 4-6 months 
after placement. In case of a lack of soft tissue volume, connective tissue grafts 
taken from the palate were placed 4 weeks prior to abutment connection.  
 
Prosthetic Protocol 
All abutments were manufactured by means of a CAD/CAM-system (Procera, Nobel 
Biocare AB, Carolinsk, Sweden). For this purpose an impression was taken at the 
fixture level following abutment connection using a polyether impression material 
(Permadyne, 3M Espe, Seefeld, Germany). Individual resin pro-abutments were 
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fabricated on the master casts according to the anatomical requirements of each 
patient. These pro-abutments were scanned with a tactile scanner (Procera). The 
data were digitized and sent to the manufacturer via the Internet. Within a few days, 
the abutments were produced and sent to the dental laboratory via mail. Following a 
clinical try-in and possibly necessary adjustment of the abutments, the crowns were 
manufactured. Both metal-ceramic (MC) and all-ceramic (AC) crowns were 
fabricated. Depending on the clinical situation either glass-ceramics or one of two 
high-strength ceramics (alumina, zirconia) were used as core materials for the AC 
crowns. In all except one case AC crowns were fabricated for the zirconia abutments. 
In one case an MC crown was fabricated on a zirconia abutment. The remaining MC 
crowns were supported by titanium abutments. Two all-ceramic reconstructions 
supported by zirconia abutments were screw-retained. All other crowns were 
cemented on the abutments. In case of the screw-retained reconstructions, 
veneering porcelain was applied directly onto the abutment. For this purpose, the 
abutment was specifically designed to adequately support the veneering ceramic. 
After finishing the reconstructions, the abutments were fixed onto the implants with a 
torque of 32 Ncm as recommended by the manufacturer. For crown cementation one 
of two resin cements (Panavia TC, Kuraray, Okayama, Japan or RelyX Unicem, 3M 
Espe, Seefeld, Germany), or a conventional glass-ionomer cement (Ketac Cem, 3M 
Espe, Seefeld, Germany) were used. The screw-retained crowns were fixed on the 
implants with a torque of 32 Ncm. 
 
Clinical Evaluation 
Clinical and radiographic examinations of the reconstructions were performed 
immediately after crown insertion (baseline), and at 6 and 12 months of function. 
 
Technical evaluation 
The reconstructions/abutments were examined for technical failures such as fracture 
of the abutment, fracture or chipping of the veneering porcelain and loss of retention 
(fracture of cement, screw fracture/loosening). The examination was performed 
under clinical conditions using optical magnification (lupe with a magnification of 3.6, 
Zeiss, Jena, Germany). 
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Biological evaluation 
The following parameters were assessed at implants and neighboring teeth with a 
periodontal probe (PCB 12, Hu-Friedy, Leimen, Germany) at four aspects per 
implant/tooth:  
- Probing pocket depth (PPD), measured from the mucosal margin to the 
bottom of the probeable pocket in millimeters. 
- Presence or absence of plaque (Pl) 
- Presence or absence of bleeding on probing (BOP), calculated in % per site 
- Orthoradial radiographs were taken at baseline and at each follow-up visit 
using the long-cone parallel technique (Updegrave 1951) 
 
Esthetical evaluation 
This evaluation comprised peri-implant soft tissue thickness and color as well as 
height of the papillae (Jemt 1997). Additionally, thickness and color of the peri-
implant soft tissue were compared to the analogous contra-lateral natural tooth. The 
color of the peri-implant mucosa was captured 1mm below the mucosal margin by 
means of a spectrophotometer (Spectroshade, MHT, Niederhasli, Switzerland). The 
same measurement was performed at the gingiva of the contra-lateral natural tooth 
(Fig.1). The colors of both regions were compared as described below. 
 
Spectrophotometric measurement: 
Prior to every measurement, the camera was calibrated to a white and a green 
ceramic tile supplied by the manufacturer (Paul et al. 2002).  
The data of each color measurement were expressed using the CIE-Lab parameters 
(Commission Internationale de l’Eclaire, L = lightness, a = chroma along red-green 
axis, b = chroma along yellow-blue axis). 
All measurements were repeated three times in order to minimize measurement 
errors. The mean values of these three measurements were used for further 
analysis. The differences (∆L, ∆a and ∆b) were then calculated by subtracting the 
control measurements (tooth) from the measurements of the test sites (abutments).  
In order to estimate the overall color difference ∆E the following equation was used:  
∆E = [(L abutment – L tooth)2 + (a abutment – a tooth) 2 + (b abutment – b tooth) 2]1/2. 
The ∆E values were compared to a critical ∆E threshold of 3.7 for intraoral color 
distinction as perceived by the naked eye (Johnston & Kao 1989). 
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 Finally, the thickness of the peri-implant mucosa and gingiva in the region of color 
investigation was recorded using an endodontic file (ISO # 20) with a rubber stop 
(Fig.2).  
 
Statistical Analysis 
Descriptive statistics were applied to the data. Patients lost to follow-up examinations 
were censored. The data was illustrated by means of box plots.  
The following comparisons were statistically evaluated: 
- Differences of the technical and biological outcome of reconstructions 
supported by zirconia and titanium abutments. 
- Differences of the mean biological parameters of the two kinds of implant-
borne reconstructions compared to the neighboring control teeth. 
- Differences of color and thickness of the soft-tissues at reconstructions on 
zirconia and titanium abutments compared to the corresponding control teeth.  
A reconstruction was judged ‘surviving’, when it was still present at the respective 
examination. 
 
The statistical analysis was performed by means of the Wilcoxon Signed Ranked 
Test. The Student’s unpaired t-Test was used to analyze the changes of PPD, PI, 
BOP from baseline to the 6- and 12- month follow-ups, respectively. The correlation 
between soft tissue discoloration and thickness was performed by regression 
analysis and ANOVA tests. Statistical significance was set at p<0.05. 
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RESULTS 
 
Two of the initially included patients had to be withdrawn from the study during the 
treatment period (early drop outs). In these patients the treatment plan was changed 
from single crowns to splinted crowns and, therefore, one zirconia abutment and 8 
titanium abutments had to be excluded from the analysis.  
20 patients (12 women, 8 men) with 31 single crowns, supported by 19 zirconia and 
12 titanium abutments were examined at a mean follow-up period of 12.6 ± 2.7 
months. The examined zirconia abutments were restored with 18 AC crowns and one 
MC crown. The titanium abutments were supporting 12 MC crowns. Twelve of the 
crowns were located in the maxilla and 19 in the mandible. The implants of the test 
sites replaced 2 canines, 11 premolars and 6 molars. The control sites comprised 2 
canines, 9 premolars and 1 molar.  
 
Technical Evaluation: 
No failures occurred due to fracture of an abutment or loosening of an abutment 
screw. For both, the zirconia and titanium groups the survival rate of the abutments 
and the crowns was 100%.  
No technical complication was observed at any of the crowns supported by zirconia 
abutments. Yet, two minor chippings of the veneering ceramic at two MC crowns 
supported by titanium abutments were found. One of the chippings was present at 
the 6-month the other at the 12-month follow-up visit. The rate of veneering porcelain 
chipping of metal-ceramic reconstructions on titanium abutments, therefore, was 
16.7%. 
 
Biological Evaluation 
No biological complications occurred during the follow-up period (Table 1). 
Furthermore, no difference was found between the mean PPD (mPPD) of implants 
supporting zirconia abutments and of implants supporting titanium abutments 
(mPPDZrO2 3.5 ± 0.7 mm, mPPDTi 3.3 ± 0.6 mm) (Fig.1). The mPPD, however, was 
significantly higher for reconstructions on implant abutments than at teeth (mPPDabut. 
3.4 ± 0.6 mm, mPPDteeth 2.5 ± 0.6 mm; p<0.05, Wilcoxon Signed Rank Test) (Fig. 3).  
Generally speaking, presence of plaque was low at both implant reconstructions and 
teeth. In detail, the presence of plaque (mean Pl, mPl) was significantly lower around 
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implant reconstructions than around teeth (mPlimpl. 0.1 ± 0.3, mPlteeth 0.3 ± 0.3; 
p<0.05, Wilcoxon Signed Rank Test). Furthermore, the presence of plaque tended to 
be higher around reconstructions supported by zirconia than around reconstructions 
supported by titanium abutments (mPlZrO2 0.2 ± 0.3, mPlTi 0.1 ± 0.2). 
Bleeding on probing (mean BOP, mBOP) was significantly more often observed 
around reconstructions on implants than at control teeth (mBOPimpl. 50% ± 30%, 
mBOPteeth 30% ± 20%; p= 0.007; Wilcoxon Signed Rank Test). The mBOP was 
slightly higher at crowns supported by zirconia abutments than at those supported by 
titanium abutments (mBOPZrO2 60% ± 30%, mBOPTi 30% ± 40%) (Fig. 4). 
Finally, no radiographical difference was found between the two groups of implants. 
 
Esthetical evaluation 
• Jemt Papilla Index  
The mean mesial Papilla Index showed a minimal decrease from the 6-month (2.3) to 
the 12-month (2.1) follow-up. The respective mean Index of the distal papillae was 
2.1 at 6 months and 1.8 at 12 months.  
 
• Spectrophotometric color evaluation and soft tissue thickness 
With respect to the critical ∆E threshold of 3.7 both the reconstructions on titanium 
and on zirconia abutments induced visible differences of the mucosal color compared 
to natural teeth (∆EZrO2 8.1 ± 3.9, ∆ETi 7.8 ± 4.3) (Table 2, Fig. 5). Interestingly, the 
amount of discoloration was not significantly different between the titanium and the 
zirconia abutment-borne crowns. Yet, there was a tendency for a smaller difference 
of the mean lightness/value m∆L of the mucosa at zirconia compared to titanium 
abutments (m∆LZrO2 2.6 ± 5.1, m∆LTi 3.7 ± 5.3), albeit not significant (Table 2, Fig. 6). 
The mean buccal soft tissue thickness at the crowns supported by zirconia 
abutments measured 2.1 ± 0.7 mm and at the reconstructions on titanium abutments 
1.7 ± 0.4 mm. The overall mean soft tissue thickness at implant-borne 
reconstructions amounted to 1.9 ± 0.6 mm, which was higher than the mean gingival 
thickness at the contra-lateral teeth (1.3 ± 0.5 mm).  
Finally, the correlation between the discoloration and the thickness of the soft tissue 
was analyzed. A tendency for a decrease in discoloration with increase in soft tissue 
thickness was found for crowns supported by titanium abutments, however, not 
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significant. For crowns supported by zirconia abutments the ∆E increased 
significantly with an increase in soft tissue thickness (p<0.05; ANOVA). 
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DISCUSSION 
 
No difference of the survival of canine and posterior implant crowns supported by 
zirconia and titanium abutments was present at one year of clinical observation. The 
survival rate of both abutments and crowns was 100% for zirconia and 100% for 
titanium abutments. Despite the fact that the observation period was short these 
positive result indicate, that abutments made out of the high-strength ceramic 
zirconia may successfully be used in molar and premolar regions.  
This finding is encouraging, since the use of ceramic abutments has so far been 
limited to anterior and premolar sites (Yildirim et al. 2000, Glauser et al. 2004). 
Alumina, a high-strength ceramic, was first introduced as abutment material in 1993 
(Prestipino & Ingber 1993a, Prestipino & Ingber 1993b). In subsequently published 
clinical studies the alumina abutments experienced failures due to fracture 
(Andersson et al. 2001, Andersson et al. 2003). In these investigations the indication 
for ceramic abutments was limited to esthetically important regions with low 
functional loading, i.e. the anterior and premolar regions. Still, in one study including 
alumina and titanium abutments for single-implant crowns, a 6.7% fracture rate of the 
alumina abutments was reported (Andersson et al. 2001). In the second investigation 
of alumina and titanium abutments supporting fixed dental prostheses (FPDs), 
fracture of ceramic abutments was found in 1.9% of the reconstructions (Andersson 
et al. 2003). Interestingly, in both studies the fractures occurred in the first year of 
clinical observation. In contrast, no fractures of zirconia abutments were reported for 
single-implant crowns in anterior and premolar regions after 4 years of clinical service 
(Glauser et al. 2004). 
The superior clinical behavior of zirconia compared to other ceramics is due to the 
different material properties. The bending strength and the fracture toughness of 
glass-ceramics (Empress 1) amount to 182 MPa and 1.77 MPa m1/2, respectively 
(Lüthy 1996), whereas the bending strength of alumina, e.g. reaches 547 MPa and 
its fracture toughness 3.55 MPa m1/2 (Lüthy 1996). In comparison, the bending 
strength of zirconia is almost double as high with 900 MPa and its fracture toughness 
reaches 9 MPa m1/2 (Rieger 1989). Due to its high material stability, zirconia may be 
used for various dental applications as the alternative to metal. Results of a recently 
published study on posterior FPDs with zirconia frameworks demonstrated a 97.8% 
survival rate of the frameworks at 5 years of clinical service (Sailer et al. 2007). In 
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this study only one 5-unit framework fractured due to trauma. Several studies confirm 
the good success rates of zirconia frameworks for posterior tooth-borne FPDs 
(Tinschert et al. 2005, Raigrodsky et al. 2006). Hence, zirconia may allow applying 
all-ceramic implant reconstructions to molar regions. The preliminary results of 
present study support this expectation. 
Two chippings of posterior metal-ceramic crowns supported by titanium abutments 
were found at the one-year recall, rendering a 16.7% rate for chipping. Fractures of 
veneering porcelain are a common technical complication at implant supported single 
crowns and FDPs (Brägger et al. 2005, Jung et al. 2008). A smaller rate for chipping 
of veneering ceramic (7.1%) was reported in a clinical study analyzing single-implant 
metal-ceramic crowns supported by titanium abutments after one year (Hall et al. 
2007). Another investigation reporting on all-ceramic reconstructions supported by 
zirconia abutments exhibited no technical complications after one year of clinical 
follow-up (Henriksson & Jemt 2003). In that study, however, no molar reconstructions 
were included. 
No biological complications were observed in present study. The PPDs were 
significantly higher for teeth than for implants, which is in accordance to a previous 
study (Brägger et al. 1997). The implant reconstructions accumulated significantly 
less plaque than the control teeth. This observation is not in accordance results of 
other studies comparing peri-implant and periodontal conditions (Brägger et al. 1997, 
Karoussis et al. 2004). A study of tooth-borne reconstructions showed less plaque 
accumulation on the ceramic veneering surface than on the control natural tooth 
surface (Sundh & Köhler 2002). In present study, slightly more plaque was found at 
the all-ceramic sites compared to the metal-ceramic sites. One possible reason for 
this unexpected and rather coincidential finding might be, that the emergence profile 
of the all-ceramic reconstructions differed from the one of the metal-ceramic sites. 
The importance of the emeregence profile on the plaque accumulation has been 
shown on teeth (Sundh & Köhler 2002). This assumption, however, has to be 
analyzed in more detail in future. 
Furthermore, the BOP was significantly higher around implants than around teeth. 
These results are in agreement with previous studies of implant- vs. tooth-borne 
reconstructions (Brägger et al. 1997).  
Finally, both types of reconstructions led to a color difference of the peri-implant 
mucosa of similar magnitude, when compared to the gingival color of the control 
 14
teeth. These results are in accordance to one recently published randomized 
controlled clinical trial analyzing the effect of all-ceramic and porcelain-fused-to-metal 
(PFM) implant restorations on soft tissue color (Jung et al. 2008 accepted for 
publication). In this study both, all-ceramic and PFM groups induced a similar amount 
of discoloration of the peri-implant mucosa (Eceramic 7.4 ± 2.7, EPFM 7.6 ± 2.8) (Jung et 
al. 2008 accepted for publication). In contrast to present investigation, however, 
significantly less mucosal color difference compared to the gingiva of natural control 
teeth was found in the all-ceramic group than in the PFM group (Jung et al. 2008 
accepted for publication). The soft tissues around dental implants differ 
morphologically from the gingiva around teeth (Berglundh et al. 1991, Berglundh et 
al. 1994). One major difference of peri-implant mucosa compared to gingiva is, that it 
contains a smaller amount of vessels (Berglundh et al. 1994). Since vascularization 
was demonstrated to have an influence on the color (Kleinheinz et al. 2005), this 
might be one reason for color variations between mucosa and gingiva. Another factor 
to be considered is the thickness of the soft tissues. Results from a recent in-vitro 
study indicated that an overall mucosal color change was induced both by titanium 
and zirconia with a mucosal thickness of less than 2mm (Jung et al. 2007). A 
decrease of the color change was observed with increasing mucosa thickness. In 
situations with a mucosal thickness of 1.5mm both materials demonstrated ∆E values 
above the critical threshold of ∆E 3.7 (Johnston & Kao 1989) for intra-oral color 
distinction by the naked eye (∆EZrO2 3.87, ∆ETi 5.06). At a mucosa thickness of 2mm 
the color change induced by zirconia was below the threshold of ∆E 3.7, whereas 
titanium still caused a visible difference (∆EZrO2 3.17, ∆ETi 4.32) (Jung et al. 2007). 
The authors stated that thickness of the mucosa is a crucial factor in terms of 
discoloration. A formerly described clinical study supported this in-vitro finding (Jung 
et al. 2008 accepted for publication). In this investigation, a significantly lower 
discoloration of the peri-impant mucosa was found at all-ceramic reconstructions in 
cases with thin, non-grafted mucosa (Jung et al. 2008 accepted for publication). The 
soft tissue thickness in present study amounted to 2.1 ± 0.7mm at sites with zirconia 
abutments and 1.7 ± 0.4mm at sites with titanium abutments. The mean thickness, 
therefore, was around the critical value for both abutment materials. More controlled 
clinical studies, analyzing the influence of the abutment material on the color of the 
surrounding tissues, are necessary. 
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The preliminary results of this study indicate, that zirconia abutments supporting all-
ceramic reconstructions may be used both in canine and in posterior regions with 
similar biological, technical and esthetical success as metal-ceramic reconstructions 
supported by titanium abutments. 
 16
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 Tables, Figures and Figure Legends 
 
 mPPD  mPl mBOP 
ZrO2 abutments 3.5 ± 0.7  0.1 ± 0.3 0.6 ± 0.3
Control teeth 2.5 ± 0.7  0.3 ± 0.3 0.3 ± 0.2
Ti abutments 3.3 ± 0.6  0.1 ± 0.2 0.3 ± 0.4
Control teeth 2.6 ± 0.4  0.2 ± 0.3 0.3 ± 0.3
Significance 
abut. vs. tooth 
 
p<0.0001 
  
p=0.013 
 
p=0.007 
 
Table 1: Biological evaluation of the abutment sites and control teeth encompassing 
the mean Pocket Probing Depth (mPPD), mean Plaque Evaluation (mPl) and mean 
Bleeding on Probing (mBOP) and the statistical significance of the comparisons  
 
 
 ∆L ∆a ∆b ∆E 
ZrO2 2.6 ± 5.1 2.9 ± 4.7 1.1 ± 4.1 8.1 ± 3.9
Ti 3.7 ± 5.3 2.9 ± 3.0 -0.6 ± 4.3 7.8 ± 4.3
Significance 
ZrO2 vs. Ti 
 
n.s. 
 
n.s. 
 
n.s. 
 
n.s. 
 
Table 2: Spectrophotometric evaluation of the soft tissue color difference of abutment 
sites and control teeth (CIE-Lab parameters L, a and b). Statistical significance of 
comparisons set at a significance level of p<0.05. 
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Fig. 1: Spectrophotometric assessment of the color difference ΔE between the 
mucosa around a metal-ceramic implant reconstruction supported by a titanium 
abutment (left) and the gingival of the corresponding control tooth (right). 
 
 
 
Fig. 2: Measurement of the soft-tissue thickness 1mm below the mucosal/gingival 
margin by means of an endodontic needle with a rubber stop. 
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Fig. 3: Box-plots of the mean PPDs around reconstructions supported by titanium 
and zirconia abutments and of their respective control teeth at the 1-year follow-up. 
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Fig. 4: Box-plots of the mean BOP around reconstructions supported by titanium and 
zirconia abutments and of their respective control teeth at the 1-year follow-up. 
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Fig. 5: Box-plots of the mean color difference ∆E of the soft tissues around 
reconstructions supported by titanium and zirconia abutments and the gingiva of their 
corresponding control teeth. 
 
 
 
 
Fig. 6: Greyish discoloration of the peri-implant mucosa, caused by a metal-ceramic 
crown supported by a titanium abutment. The thickness of the mucosa amounted to 
1.5 mm in this patient. 
 
 
 
 
 28
